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[57] Abstract: A light radiation heated MOCVD galHum nitride (GaN) generation method and 
installation, involving cleansing of the surface of ana-Al203 (sapphire) substrate, then introduction 
of the substrate to an iodine tungsten light radiation heating system quartz ring reactor chamber, 
then creation of a vacuum; high temperature annealing of the substrate then takes place in an H2 
atmosphere, then TMG and NH3 are introduced generating a GaN buffer layer, then generation of 
the GaN epitaxial layer; the use of light radiation by this invention accelerates the decomposition of 
NH3 molecules, which is beneficial in suppressing the generation of N vacancies in the GaN 
epitaxial layer, yielding virtually perfect single crystals. 
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CLAIMS 



1. The light radiation heated MOCVD GaN generation method, wherein this involves cleansing of 
the surface of ana-Al203 (sapphire) substrate, then introduction of the substrate to a reaction 
chamber and introduction of a vacuum (vacuum higher than 5.0x1 0'^Torr); then anneaHng 
(1050-1 lOO^C) of the substrate in an H2 atmosphere, then amination (1000-1050°C) in an NH3 
atmosphere, then introduction of TMG andNHs generating the GaN buffer layer (500-550°C), then 
generation of the GaN epitaxial layer (900-1050®C); the GaN epitaxial layer then being annealed 
(900-1050°C) in anNHa atmosphere; the temperature then being lowered to take out the sample. 

2. The light radiation heated MOCVD GaN generation installation, wherein this includes the use of 
a quartz ring reactor iodine tungsten light radiation heating system, the outer layer of the iodine 
tungsten light having a water cooling system, and a mechanical pump and diffusion pump vacuum 
system, wherein the quartz reactor is fitted with an internal quartz stand, on which are located the 
substrate and temperature sensors, whilst also including gas sources connected to the quartz reactor 
with generating gas sources controlled by electro magnetic valves and mass flow metres, the 
generating gas sources being at least TMG and NH3 gasses. 



DESCRIPTION 



A light radiation heated MOCVD Gallium Nitride generation method and installation 

This invention relates to a type of method and installation for the generation of gallium nitride (GaN) 
materials, particularly it relates to a light radiation heated MOCVD gallium nitride generation 
method and installation. 

Class III-V nitride materials (also known as GaN base materials) mainly based on GaN and InGaN 
and AlGaN alloys are a semiconductor material that has attracted much international attention in the 
last few years. Its 1.9 -6.26V continuous variable direct band gap, excellent physical and chemical 
stability characteristics, high saturation electron source migration speed, high break down electric 
field strength and high heat conductivity characteristics have made it the material of preference in 
the construction of short wavelength semiconductor photo electronic and high frequency, high 
voltage, high temperature laser electronics components. At the end of 1994, high luminosity blue 
light LEDs based on GaN first appeared, and these had a light output power of ImW with a 
luminosity of 1 .2Cd at room temperature with a working current of 20mA. Green light and white 
light LEDs were also developed, and these are already in high capacity production. Philips of 
Holland and HP of the USA also presented blue light LEDs based on GaN at various stages and have 
achieved commercial production. In December of 1995, Nichia of Japan also developed the world's 
first LD based on GaN which when working at room temperature at a current of 2. 3 A was capable of 
outputting 417nm laser pulses at a power of 2.5mW. At the end of 1996, that company also 
developed room temperature CW emission using a blue light LD based on GaN, having a service 
life of over 20 hours, and in June 1998, they announced that the service life of the GaN based blue 
light LD emission already exceeded 6000 hours, with service life expected to reach 10,000 hours, it 
being expected that they will be able to release this product around the end of 1998. 

Currently, the main method of producing GaN materials involves MOCVD, with epitaxial growth of 
a single crystal GaN membrane taking place on a Sapphire (a-Al203) or silicon carbide (SiC) 
substrate. GaN materials do not exist naturally, they are a completely artificial new type of 
semi-conductor material, mainly consisting of cubic phase (zinc blend structures) and hexagonal 
phase (wurtzite structures) structures. Cubic GaN in terms of thermodynamics is a metastabe phase, 
being unstable at high temperatures. Due to this, GaN materials for use in construction of 
semiconductor components mainly employ hexagonal phase. As the saturated gas pressure of N2 in 
GaN is very high, nobody has been able to pull GaN single crystal materials under normal 
conditions in the same way as Si and GaAs. Even under a pressure of over 100 atmospheres, it is 
only possible to pull a GaN single crystal with a diameter of a few millimetres, which is of no use. 
Due to this, the GaN material manufacturing methods used so far have involved epitaxis of a GaN 
single crystal membrane on ana-A^Oa, SiC or other such substrate. The main methods for epitaxis 
of GaN are: RF heating MOCVD, MBE and HVPE. Of these, MOCVD is the most effective and 
easily applied epitaxial method, and presents the greatest possibilities in terms of industrial 
applications. In fact it is only as a result of the breakthroughs made relating to MOCVD GaN 
epitaxis technology at the end of the 80s and beginning of the 90s that such attention has been paid 



internationally to the development of GaN materials and components. Chinese patent CN941 05603 
presented a type of rapid lamp heated germanium-silicon epitaxis method, but this method could not 
be used directly on an a-AlaOa substrate for generation of GaN. 

During the MOCVD GaN membrane generation process, Ga source high purity H2 or N2 gas 
carrying metals include TMG and TEG 0-ganic materials [translator 's note: term in Chinese is 0 or 
O followed by the second character of organic " hence this term, correct term for this class of 
materials could not be ascertained], the N source being high purity NH3. These react after reaching 
temperatures over 1000*^0, forming a GaN membrane on ana-Al203, SiC or other such substrate. As 
the MOCVD technology is already advanced in terms of control of pressurisation, flow and 
temperature, coupled with its use of buffer layer technology and other such epitaxial growth 
technology, the quality of GaN materials produced using MOCVD has already reached a level 
allowing its preliminary adoption, and currently all short wavelength LED, LD and other such 
components rely on MOCVD production of GaN materials. 

However there are still difficulties in the usage of RF heated MOCVD in production of GaN 
epitaxial membranes, mainly being: 

(1) Due to lattice mismatches between GaN and the substrate and thermal differences and high 
temperature for generation, the density of GaN epitaxial dislocations reaches 10^-10^*^cm"^. Even if 
lateral epitaxis and multi-layer buffer techniques are employed, the level of dislocations is still 
higher than 10^ cm'^, 

(2) As the ionic energy of the NH3 N source molecules is extremely high, when operating at 
generating temperatures of over 1000°C, the NH3 molecule decomposition rate is less than 1%, with 
the result that large numbers of N vacancies occur in the GaN epitaxis, the GaN sample taking on 
latent n type characteristics. 

(3) The ionic energy of the Zn and Mg atoms of the P type adulterant within the GaN forbidden band 
can reach 200 me V, with the result that the effectiveness of the GaN p type adulterant is very low. 

(4) As a parasitic reaction occurs between the TMG Ga source and NH3 at relatively low 
temperatures, the product of the reaction exists as an impurity or defect in the GaN epitaxis. This has 
already been recognised as the main reason for a ''ycWoyf/ band" occurring within the spectrum of the 
GaN epitaxis. The stronger the "yellow band" transmission is, the poorer the quality of the GaN 
material. 

The existence of the above difficulties impinges on the ability to manufacture high quality materials 
and components, and restricts the advances that could be made in generation of GaN materials and 
development of components. 

Internationally, enormous efforts are being made to resolve the problems surrounding the MOCVD 
method of preparation of GaN epitaxial membranes. The main efforts made in seeking to reduce the 
number of N vacancies in the GaN epitaxis fall under two categories: (1) Improvements to the 
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MOCVD materials generation system, the most common being the use of ECR to create a plasma 
body capable of activating NH3 molecules, resulting in a major increase in the NH3 decomposition 
rate, reducing the generation temperature, thus not only reducing the concentration of N vacancies 
in the GaN layer, but also being useful in reducing the density of dislocations. However ECR 
technology is itself a very specialised field, being technically complex, costly and space consuming 
whilst resulting in major electro-magnetic interference. (2) The search for a new N source, for 
instance using hydrazine and other such organic 2immonia sources. Efforts in this area have not as 
yet been successful, mainly due to the fact that at the same time as N activation is enhanced, even 
more severe parasitic effects are encountered. 

The aims of this invention are: to provide a light radiation heated MOCVD GaN generation method, 
to improve material quality, whilst presenting a production method for use with component 
materials, in order to accelerate the generation of GaN materials and the development of 
components. 

The aims of this invention are also to provide a light radiation heated MOCVD GaN generation 
installation. 

The technical scheme of this invention being, the creation of a light radiation heated MOCVD 
system for the purpose of GaN material epitaxial generation. The system adopting an iodine 
tungsten light radiation heating system quartz ring reactor to replace the RF heating usually used in 
basic MOCVD systems. There is a quartz stand within the quartz reactor, on which are located the 
substrate and temperature sensors, whilst also including gas sources connected to the quartz reactor 
with generating gas sources controlled by electro magnetic valves and mass flow metres, the 
generating gas sources being including TMG and NH3 gasses. A mechanical pump and diffusion 
pump vacuum system guarantees that the whole system is kept at low pressure during the generation 
process. 

The technique used by this invention involves cleansing of the surface of ana-A^Os (sapphire) 
substrate, then introduction of the substrate to the reaction chamber under a vacuum (vacuum higher 
than S.OxlO'^Torr); then annealing (1050-1100**C) of the substrate in an H2 atmosphere, then 
amination (1000-1050°C) in an NH3 atmosphere, then introduction of TMG andNHa generating the 
GaN buffer layer (500-550°C), then generation of the GaN epitaxial layer (900-1050**C); the GaN 
epitaxial layer then being annealed (900-1050°C) in an NH3 atmosphere; the temperature then being 
lowered to take out the sample. 

This invention possesses the following characteristics: the installation represented by this invention 
requires low levels of investment, the equipment being simple, small in scale and without 
electro-magnetic interference, whilst the system equipment is stable and reliable, being highly 
automated and easily operated. This generation system is used to produce GaN single crystal 
membranes on ana-Al203 substrate. Bimorph X ray rocking curve, photoluminescence and Hall 
measurement token methods all demonstrate that the GaN epitaxial layer is of a very high quality. 
This is particularly so with the GaN layer generated at 950°C which demonstrates no "yellow band 
emission" at room temperature. 
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During the GaN material production process involving the light radiation heated MOCVD system to 
which this invention relates, the adoption of light radiation heating as opposed to the usual RF 
heating is an effective approach to resolving the difiRculties associated with items (2) and (4) above. 

From the point of view of the mechanisms involved in the production of GaN materials, light 
radiation heating has the following two effects. 

(1) Light radiation accelerates the decomposition of the NH3 molecules, and this is an effective 
method of suppressing the N vacancies within the GaN epitaxis. 

The bond energy of the N-H bond in the NH3 molecule is 3.676eV, corresponding to ultra-violet 
light with a wavelength of 337.3nm. Diagram 3 is the tungsten iodine lamp radiation spectrum that 
we measured, and it can be noted that the spectrum includes photons with this energy, and there are 
photons with even higher levels of energy. Therefore it can be seen that light radiation increases the 
NH3 decomposition rate. 

(2) Suppression of the parasitic reactions between TMG and NH3 accelerates the decomposition of 
parasitic reagents. 

The products of the parasitic reaction between TMG and NH3 are generally impurities containing C, 
these are carried within the GaN epitaxis, and such impurities not only affect the GaN 
characteristics but can also cause other defects, such as stacking faults. For this reason, if the GaN 
generation temperature is lower than 950°C, when the parasitic reactions are most severe, the GaN 
membrane becomes yellow in colour. Peak envelopes can occur in the 550nm spectrum even in 
samples produced at higher temperatures, thus presenting a "y^^^o^ band". 

The light radiation heated MOCVD materials generation system that we have designed and put into 
practice is capable of successfully producing high quality GaN single crystal membranes on ana 
-AI2O3 substrate. Research demonstrates that the use of light radiation heating to replace RF heating 
yields excellent results. In particular, at generation temperatures of 950°C, a GaN epitaxis can be 
produced without a "yellow band" transmission, this is the first time this has been achieved 
intemationally, and there is no doubt that this is connected with the effects of light radiation. At the 
same time this offers representative results for GaN epitaxis membranes produced by light radiation 
heated MOCVD systems. 

Although under light radiated heat conditions, the samples generated at 900**C were clear and 
colourless, whilst samples generated at 950**C exhibited no "ydlow band" spectrum, the GaN 
membranes generated overseas using RF heated MOCVD systems at a generation temperature of 
1050°C did exhibit relatively strong "yellow band" transmissions. 

hi terms of the mechanisms involved, this is because light radiation suppresses the parasitic reaction, 
accelerating the decomposition of the parasitic reagents, with the result that the C atom impurities 
are expelled from the GaN layer, forming CH4 which is then expelled from the reaction chamber. 



THIS PAGE BLANK (usf>TO) 



For this reason, the use of light radiation heating to replace RP heating plays a role in resolving the 
problems outlined in (2) and (4) above. 

The following is a more detailed description of this invention based on practical implementations 
and the appended diagrams: 

Diagram 1 is a sketch of the system to which this invention relates, and apart from possessing highly 
accurate pressure, flow and temperature controls normally expected in an MOCVD system, the 
most outstanding characteristic is that this system relies on light radiation heating to replace the RF 
heating usually encountered in MOCVD systems. 

Diagram 2 displays the optical heating unit presented by this invention (diagram 2a), diagram 2b is 
a horizontal cut-away view of the heater. This is composed of 1 8 quartz ring reactor tungsten iodine 
lamp tubes, each having a power of IKW, the radiation strength of these is controlled by a silicon 
electric circuit designed by ourselves, as a result, the radiation strength and the temperature within 
the reactor can be controlled by computer. 

Diagram 3 is the spectrum chart of the tungsten iodine lamp presented by this invention, the 
horizontal scale being wavelength, the vertical scale being radiation strength, showing relative 
strength units. 

Diagram 4 (a) is the XRD of the GaN epitaxis on thea-Al203 substrate to which this invention 
relates, the diffractive peaks at 34.0° and 72.7° are those diffracted from the GaN (0002) and (0004) 
crystal planes respectively. Apart from this, there are no diffractive peaks from other crystal planes, 
indicating that the GaN epitaxis possesses a crystal plane in only one direction. 

Diagram 4 (b) is the bimorph X ray rocking curve of the diffraction peak of GaN (0002), its FWHM 
being 8.7 (arcmin), indicating that the GaN epitaxis is a single crystal membrane with a very 
complete crystal structure. In the diagram the horizontal scale is the diffraction angle, the vertical 
scale being relative strength. 

Diagram 5 is the transmitted absorption spectrum of the GaN epitaxis to which this invention relates, 
the horizontal scale being wavelength, the vertical scale being transmitted intensity rate, at around 
365nm one can see a very sharp light absorption boundary. Based on this the GaN epitaxis forbidden 
band is determined as 3.4eV, which is equivalent to the standard GaN forbidden band at room 
temperature. 

Diagram 6 is the PL of the GaN epitaxis to which this invention relates measured at room and low 
temperatures, the horizontal scale being wavelength, the vertical scale being relative strength of PL, 
the emission peak at 367nm represents the GaN band edge emission, increasing strength indicating 
increasing optical quality of the GaN layer, hi addition, we were unable to observe a "yellow band" 
emission around 550nm at both room and low temperatures, indicating that the density of defects or 
impurities within the epitaxis connected with "yellow band" are very low indeed. PL spectrum 
measurement results indicate that the GaN epitaxis is of excellent optical quality. Diagram 6 (a) is 
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the measurement at room temperature, diagram 6 (b) is the measurement at a temperature of lOK. 
Method of producing the material: 

1. Cleansing of the surface of ana-Al203 (sapphire) substrate 

2. Introduction of the substrate to a reaction chamber and introduction of a vacuum (vacuum higher 
thanS.OxlO'^Torr) 

3. AnneaUng (1050°C) of the substrate in an H2 atmosphere. 

4. Amination (1050°C) of the substrate in an NH3 atmosphere. 

5. Generation of the GaN buffer layer (520°C), opening of the Ga source, H2 carrying either TMG or 
TEG 

6. Raising of the temperature to carry out annealing (900-1050°C, the rate at which the temperature 
is raised and the annealing temperature being varied according to the epitaxis generation 
requirements) 

7. Generation of the GaN epitaxis. 

8. Atmospheric annealing of the GaN epitaxis (1050**C). 

9. Temperature reduction to remove sample. 

Using the Vanderbilt method to carry out Hall measurement at room temperature shows that the n 
type background charge carrier concentration of the GaN epitaxis at room temperature is 10 x 
lO'^cm'^, whilst the Hall transference rate was 121,5cm^A^.S. The above mentioned structures, 
optics and electrical measurement results all indicate that the GaN epitaxis produced using the light 
radiation heated MOCVD materials generation system that we have designed yields a high quality 
GaN single crystal membrane, hi the MOCVD process of producing GaN materials, the use of light 
radiation heating to replace RF heating also gave successful results. All other measurement results 
are also included in the diagrams. 

The light radiation heated MOCVD installation used in the generation of GaN material epitaxial 
layers shown in diagrams 1 and 2, as indicated in this practical implementation, consists of a quartz 
ring reactor 1 the tungsten iodine lamp 2 of which constitutes a light radiation heating system, this 
being used to replace the RF heating generally encountered in MOCVD systems. The timgsten 
iodine lamp 2 being surrounded by coolant water 13, ensuring that the stainless steel lamp body 
does not warp. There is a quartz stand 3 within the quartz reactor, on top of which there are a 
substrate 4 and a temperature sensor 5, the quartz reactor is connected to an electro-magnetic valve 
6 and a mass flow metre 7 which control the generation gas source, the generation source consisting 
of TMG 8 and NH3 9 gas sources, in diagram 1 there are 4 generation gas source circuits, allowing 
use of an organic indium source and an organic aluminium source etc. A mechanical pump 10 and a 
difiRision pump 1 1 vacuum system guaranteeing that the whole system is kept at low pressure during 
the generation process. The gas expelled by the mechanical pump 10 and the diffusion pump 11 
passes through a waste gas processing system 12 and is then expelled into the atmosphere. There is 
also pipe work, needle valves, pressure gauges, and float flow metres depicted in the diagrams. 
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DIAGRAMS APPENDED TO DESCRIPTION 
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